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Fig.工工.6.25Transientbehavioroftheimaginarypartsoftheweights.
Solidlinesshowthetheoreticalresultsandsymbolized
dotsaretheresultsofcomputersimulationexperiment.
(seeTable工工.6.4)
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Fig.II.6.26Historyoft:heoutputpowersfrom
eachsource.Solidlinesshowthe
theoreticalresultsandsymbo:Lized
dotsaretheresultsofcomputer
simulationexperiment.(seeTable
工工.6.4)
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Fig.工工.6.27
0 250500750
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1000
Transientbehavioroftheoutputsignal-
to-noiseratio.Solidlineshowsthe
theoreticalresultandcirclesarethe
resultsofcomputersimulationexperi-
ment.(seeTable工工.6.4)
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theweights,theoutputpowersfromeachsourceandtheoutputsignal-
to-noiseratioduringadaptationareshowninFigs.工工.6.24,工工.6.25,
工工.6.26and工工.6.27,respectively,withparameterslistedinTable工工.
6.4.
6.4 ConcludingRemarks
Asdiscussedinthischapter,theexperimentalresultsby
meansofcomputersimulationagreewellwiththetheory.Somedevi-
ationsoftheexperimentaldatapointsfromthetheoreticalcurvesexist.
Thiseffectmaybeintroducedthroughthedifferencebetweenthefeedback
a:Lgorithms,i.e.thesamplingfeedbackloopsandthecontinuousfeedback
loops.Theoryshowsthemeanbehaviorofthesystem,onthecontrary,
theexperimentsarecarriedoutusingthesampleddataforthefeedback
signalsothatthebehaviorofthesystemmaybedisturbedbythesampled
valueofthenoisewhichissimulatedtoberandomlyfluctuated.工n
spiteoftheeffectsdiscussedabove,thetheoreticalandtheexperi-
mentaldatapointsagreewe:LIexceptforthenegligiblysmallquanti-
七ieS｡
Somecomparisonsofthetheoryandtheexperimentalresults
clearlyindicatetheusefulnessofthetheorydescribedinChapters4
and5topredictthebehaviorofthesystemwhenexposedtoacertain
radioenvironment.Though,･inthecomputerexperimentsfoneinterfer-
enceisassumedtoexistexceptfortwocases,experimentcanalsobe
performedwithmu:Ltipleinterferencescondition.
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●Chapter7 surmARYANDCONCLUS工ON
InthisPART2,theconcept,analysesandexperimentsby
meansofcomputersimulationarediscussedontheadaptivean七enna
arraywithdirectionalconstraint.Thenewconstraintconditionnamed
"directionalconstraint"isintroduced,inwhichtheaprioriknowledge
abouttheincidentdirectionandthecenterfrequencyofthedesired
signalisutilizedfordiscriminatingthedesiredsignalfromsome
interferences.Thedistinctivefeatureofthissystemdiscussedinthis
partliesinthattheaccurateaprioriknowledgeaboutthedesired
signalisnotnecessaryforprocessing.Toenlargethemarginforthe
desiredsignaldirection,theconceptofdoubledirectionalconstraints
hasalsobeenintroducedafteranalogywiththedoublepeakedtuning
circuitwithwidebandwidthcharacteristics｡
TheadaptivealgorithmdevelopedbyFrostisadoptedto
minimizetheaccumulationoftheerrorsoccuredinthecomputingprocess
suchasthequantizationerrororroundofferror.Thisalgorithmis
excellent,buthedidnotshowthebehaviorofthesysteminaclosed
form.Onlytheconditionswhichguaranteetheconvergenceofthesystem
canbededuced｡
Thepresentauthorappliesthedifferentialequationapproach
toclarifythetransientbehaviorofthesystem.Theadaptivealgorithm
isreformulatedintheequivalentdifferen七ialequationwithcoefficin七S
whichrepresenttheexpectedradioenvironment.Theweightvectoris
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definedinthehyperspace,whichcanbedividedintosomeeigenspaces
spannedbytheeigenvectorsofPRχχP″thecoefficientofthefirst
ordertermofW{t)ofthedifferentialequation.Thesolu七ionofthis
differentialequationcanbecalculatedthroughtheprojectiononto
eacheigenspacespannedbytheeigenvectors.工nadditiontothem.
appropriateandpracticalchoiceoftheinitialweightvectorelimi-
natestheundeterminedterms.Theperfectpredictionofthebehavior
ofthesystemisnowpossiblewhenexposedtoacertainradioenviron-
mentwithknownparameters.Thesamemethodisalsoappliedtothe
doubleconstraintsystemandagaint二hesolutionisobtainedinaclosed
form.Thesolutionclearlyindicatesthefeatureofthesystem,i.el
theconvergenceisgovernedbytheinterferencepower,andtheconfig-
urationoftheconstraintandtheinterferencedirections.Thefirst
propertyshowsthattheadaptiveantennaarrayactsfasteragainstthe
strongerinterference.steeringnullstowardtheinterferencedi-
rectionscausesthedeviationofweightsfromtheequalamplitudeex-
citation,resultingintheenhancementoftheinternalnoisepowerat
theoutput.Althoughthisenhancementbecomesremarkableastheinter-
ferencedirectionapproachestotheconstraintdirection,ithasalimit
sincetheguidingprincipleofthissystemistominimizethetotal
outputpowersubjecttoconstraintsothattheoutputsignal-to-noise
ratioismaximizedeveninsuchcondition.Theeffectoft二hepre-
dictionerrorofthedesiredsignaldirectionisalsoanalyzedandit
isprovedthatundertheradioenvironmentinwhichthesignal一七〇-noise
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1
か
●ratioofafieldstrengthislowenough,thesystemactsalmostidentical
withthecasewithoutpredictionerror.工tistoberecalledthatthe
adaptiveantennaarrayisoftenneededespeciallyundersuchradioen-
vironment.However,undertheradioenvironmentinwhichthesignal-
to-noiseratioofafieldstrengthishigh,thepredictionerrorof
thedesiredsignaldirectioncausesthelargeenhancementofthein-
ternalnoiseattheoutputwhichresultsinthelargeamountofdegra-
dationoftheoutputsignal-to-noiseratio｡
0ntheotherhand,thedoubledirectionalconstraintsystem
actswellundersuchradioenvironmentinwhichsingledirectionalcon-
straintsystemfa:Llsintheunacceptablefeature.Thedoubledirection-
alconstraintconditionguaranteesthearraysystemresponsetowardthe
desiredsignaldirectioninspiteofthedifferencebetweenthedesired
signaldirectionandeitherconstraintdirections,fordecreaseofthe
arraysystemresponsetowardthedesiredsignaldirectionwhichis
closelylocatednearthetwoconstraintdirectionswouldbringabout
thelargeenhancementoftheinternalnoisepowerwhichwouldbeagainst
minimizationoftheoutputpower.Theperformancetothe10wsignal-to-
noiseratioenvironmentisalmostidentica:Ltothesingleconstraint
system.Thus,thedoubledirectionalconstraintsystemismoreflexible
overthesingledirectionalconstraintsystem｡
Someexperimentsbymeansofcomputersimulationarecarried
outtoverifythefeaturepredictedbythetheory.Thedatapointsof
experimentfitwellwiththetheoryinspiteofthedifferenceofthe
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feedbackconcept,i.e.thesampledfeedbackandcontinuousfeedback.
Deviationoftheexperimenta:Lresultsfromthetheorydependsonthe
feedbacksignalwhichisdeducedfromtheinstantaneoussampledvalues.
Thesedeviationsarecloselyrelatedtoproductoftheinputpowerand
thestepsizeofthefeedbackloop.Choiceofthesmallerstepsize
decreasessuchdeviations,butrequireslargeamountofconvergence
time.Automaticsettingofastepsizetofollowtheinputpowervar-
iationfromtheenvironmentmustbestudiedinfuture｡
Throughoutthispart,arraysystemisassumedtobelinear
withhalfwavelengthspacing,butextentionto七±iearraysystemwithtwo
orthreedimensionalarrangementcanbetreatedinastraightforward
manner.工naddition,thetheorycantreatthecasewithlargernumber
ofinterferences.However,itistobenotedthattheequationof
higherthanfifthdegreescannotbesolvedanalyticallyingeneral.
Theaidofcomputerisindispensabletoanalyzeforsuchconditions｡
Siimmarizingtheresultsdiscussedinthispart,thesuf-
ficientperformanceofthepresentsystemhavebeenverifiedthrough
analysesandcomputersimulationexperiments.Todemonstratethe
favorablefeatureofthepresentsystem,additionaldiscussionsare
givenasfollows.Theproportionalrelationshipbetweensomeadaptive
arrayshavebeenproved,whichshowsthissystemattainsthesame
resultswithothersystemsunderthemostfriendlyenvironment.0nthe
otherhand.undermoreadversecondition,thepredominanceofthe
presentsystembecomesobvious,i.e.theflexibilityontheapriori
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i
●knowledgeaboutthedesiredsignal,whiletheadaptivearraywithleast-
mean-square-errorcriterion,forexample,requiresperfectsynchroni-
zationbetweenthereferencesignalandthereceiveddesiredsignal.
Thepresentsystemisapplicabletothecaseinwhichtheincidentdi-
rectionofthedesiredsignalisapproximatelyknownapriori.工nad-
dition.ifthesourceofthedesiredsignalmoveswithtime,thecon-
straintdirectionmaybechangedinaprogram-trackingmannertomain-
tainthereceptionwithhighsignal-to-noiseratio.
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APPEND工X
Asatellitepositioncanbederivedusuallyfromso-called
thesixorbital-e:Lements,whicharesemimajoraxis(a),eccentricity
(e),orbitalinclination(i),riqhtascensionofascendingnode(Ω),
argumentofperigee(ω)andmeananomaly(M).But,wewilltreatthe
circularorbitofasatellite,sothattwoofthem,eccentricityand
argumentofperigeewhichareinherentintheellipticalorbit,are
nottakenintoconsideration｡
Intheorbitalplane,asatelliterevolvesaroundthegeo-
centerwithconstantangularvelocityωS゛Sphericalearthisassiiitiedin
thefollowingderivation°XωaxiSoftheorbitplanecoordinatesystemis
takentowardthedirectioninwhichasatellitepassesacrosstheequa-
torialplanenorthward.Therefore,attimet,thepositionofasatel-
liteintheorbitplanecoordinatesystemcanbewrittenas.
??
??
-
- R
○
cosωt
S
sinωt
S
O
(A.I)
Itistobenotedthatreferenceoftimeistakenattheinstancewhen
thesatellitepassesacrosstheequatorialplanenorthwardforsimplicity
ofthederivation.Ristheradiusoftheorbit｡
O
Fo1:Lowingtheassumptionsabove,therightascension-decli-
nationcoordinatesystemandtheorbitplanecoordinatesystemare
relatedtoeachotherasshowninFig.A.I.Transformationbetween
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Y
Fig,A.IRightascension-declinationcoordinatesystem
andorbitplanecoordinatesystem.
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thesecoordinatesystemsisasfollows
?
? ?
cosQ-sinΩcosisinΩsini
sLnQcosΩcosi-cosΩsini
osinicosi
ω
y
ω
Z
ω
(A.2)
Substituting(A.I)into(A.2),thepositionofasatelliteintheright
ascension-declinationcoordinatesystemcanbeobtainedasfollows.
X=R(coSΩcoSωt
OS
- sinΩcosisinω七)
S
Y=R(SinΩcoSω七十cosncosiSinωt)
OSS
Z=RsiniSinωt
OS
(A.3)
(A.4)
(A.5)
Thepositionoftheobserverintherightascension-declinationcoordi-
natesystemiswrittenas,
χ゜ReCOS0CosΩ0
Y°RecosGsinΩ0
Z°Resin0
whereoisthelatitudeof七heobserverandQ.
(A.6)
(A.7)
(A.8)
isthelocalsidereal
timeoftheobserver.Ristheradiusoftheearth.Astheangular
e
velocityofearthrotationisnotedbyωe″thelocalsiderealtimecan
beexpressedbythefollowingequation.
ΩO°Ωi十ωet
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(A.9)
f
4●
寸
雫
Z
Fig.A.2Rightascension-decliTiationcoordinatesystem
andtopocentriccoordinatesystem.
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whereΩ.isthelocalsiderealtimeatthereferencetime.Subtracting
･
thepositionvectoroftheobserverfromthatofasatellite,thepo-
sitionvectorofasatelliteseenfromtheobserverisobtainedas.
X°RO(cosΩcosωst‾sillΩcoSiSinωSt)'ReCOS0coSΩ○(A.10)
Y°Ro(sillΩcosωst十cosΩcoSiSinωst)“ReCOS0sinΩ0
Z=Rsinisinωt
OS
- Rsin0
e
(A.11)
(A.12)
Bytheway,therightascension-declinationcoordinatesystemandthe
topocentriccoordinatesystemarerelatedtoeachotherasshownin
Fig.A.2.Andt二herelationshipbetweenthemiswrittenasfollows.
?
?
??
? ?
sin(E)cosΩ
0
‾sinΩ
0
cosΘcosΩ
0
sin(E)sinΩ
0
cosΩ
0
cosΘsinfi
^
-COS0
0
sin0
X
Y
Z
(A.13)
Therefore,substituting(A.10),(A.11)and(A.12)into(A.13),(1.3
17),{工.3.18)and(工.3.19)ofPART1,Chapter3canbeobtainedas
follows.
X=R{cosωtSinΘcos(φ十ωt)十sinwtcosisinOsin(Φ十ωt)
hosese
- SinωtsiniCOS0)}
S
Y=R{sino)tcosicoS(φ十ωt)-cosωtSin(φ十ωt)}
hosese
(A.14)
(A.15)
Z=R{sinωtcos9COS(Φ十ωt)+sinωtcosiCOS0sin{Φ十ωt)
hosese
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十sinωtsinisinO)
S
- R
e
(A.16)
whereφisthedifferencebetweentherightascensionofobserver's
meridianatthereferencetimeandtherightascensionofascending
node,whichcanbewrittenas,
Φ゜ΩO‾Ω
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(A.17)
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